, given random data. The two methods were examined in a series of monte carlo simulations for two response methods (direct estimation and constant sum) and various numbers of stimuli and response scales.
The sampling distributions of the measures of consistency of the two methods were tabulated, rules for detecting and rejecting inconsistent respondents are outlined, and approximation formulas for other designs are derived. Overall, there was a high level of agreement and correspondence between the results from the two scaling techniques even when the data were random.
The development of analytical procedures and experimental techniques for constructing ratio measurement scales has long been a major topic and important challenge in psychophysics and other areas of psychology. The interest in ratio scales is obviously related to their high level of invariance (unique up to a power transformation) and the associated statistical operations they allow to be performed (Stevens, 1946) . To obtain ratio scales, S. S. Stevens and his colleagues (Stevens, Mack, & Stevens, 1960) developed the &dquo;cross modality matching&dquo; paradigm, which was originally applied to variables with a corresponding physical continuum and later generalized to social and other psychological stimuli (e.g., Lodge, 1981) . Although Stevens' techniques have been widely used in numerous areas (e.g., Lodge, 1981; Stevens, 1972 Stevens, , 1975 , their precise characterization is still a topic of debate among measurement specialists (e.g., Shepard, 1981) .
Following two decades of development of ordinal level scales, which culminated in the development of nonmetric multidimensional scaling, there has recently been a renewed interest in the problem of ratio scale measurement. To a large extent, the interest in this problem is due to the development of a new ratio scaling procedure and its successful use in a variety of experimental and practical situations. The most salient characteristic of this method was apparently first discovered by Gulliksen (1959) , but the procedure was fully developed, investigated, described, and applied by Saaty (1977 Saaty ( , 1980 Saaty, 1977 Saaty, , 1980 ). Saaty's method has attracted much attention, having been successfully applied to such diverse areas as marketing (Wind & Saaty, 1980) , political science (Saaty & Bennett, 1977) , and the measurement of subjective probabilities (Yager, 1979) . However, the EM has had its share of criticism. In particular, Johnson, Beine, and Wang (1979) Budescu, 1984 Ramsay, 1977 Budescu, 1984) . The procedures differ, however, when consistency is violated. To compare the two procedures, Williams and Crawford (1980) conducted a monte carlo study in which reciprocal matrices of order 5, 7, and 10 were perturbed by multiplying each ratio silsj by errors drawn
(1) from a lognormal distribution with zero mean and variance or or (2) from a population of ratios of uniform random variables with the same mean and variances as in the first case. Five values of a2 were examined, and each condition was repeated 1,000 times. In all cases the GM procedure outperformed Saaty's EM procedure according to both the least squares and the log-least squares criteria. Moreover, the relative advantage of the GM procedure increased with both the size of the judgment matrix and the variability of error.
A particularly attractive feature of Saaty's EM is the availability of a consistency index pL (Equation 4 ) that separates between judgment matrices that can be maintained and interpreted and judgment matrices that must be rejected as &dquo;randomly generated data.&dquo; As a rule of thumb, Saaty (1980, 1983) recommended using a consistency ratio denoted by C.R. and defined by where p,n is an empirical measure computed from Equation 4 for randomly generated reciprocal matrices of order n. The rule of thumb (presumably for 1 to 9 response scales) is to accept only judgment matrices for which C. R. --. 1.
Although Williams and Crawford (1980) (1977, 1980) : (1) a large number of reciprocal matrices consisting of random entries were generated, (2) solutions and indices of inconsistency were calculated, and (3) the rejection rules were compared to each other.
A second purpose was to generalize the findings from the comparison of the two scaling procedures to a nonnumerical method of obtaining ratio judgments. Saaty's EM directly obtains numerical estimates of ratios in the tradition of S.S. Stevens' (1972 Stevens' ( , 1975 magnitude estimation. Furthermore, Saaty (1977, 72 1980) strongly recommended restricting the response scale to the positive integers 1 through 9 and their reciprocals (a total of 17 possible different values). Another, equally popular, experimental procedure for eliciting ratio judgments is the &dquo;constant sum&dquo; method (e.g., Torgerson, 1958) Saaty, 1980) , the two scaling procedures for the constant sum method were compared as well.
Method
A monte carlo study was conducted to compare the EM and GM procedures for scaling ratio judgments. Thirty different conditions were generated by factorially combining three independent variables:
1. The number of stimuli to be scaled: n = 4, 6, 8, 10, and 12.
2. The experimental method for eliciting ratio judgments: direct estimation and constant sum.
3. The number of different responses allowed: k = 17, 25, and 99.
The third factor of the present design reflects an assumption regarding the level of differentiation and precision which the judge may achieve when selecting a particular response. For the direct estimation method the three values of k imply that the integers 1-9 (as suggested by Saaty), 1-13, 1-50, and their reciprocals are used, respectively. When the constant sum method was employed, it was assumed that the judge could divide the total number of units specified by the experimenter (or the total length of a line) in only a finite number (k) of equally spaced categories. The first two levels of the third factor (k = 17, 25) are representative of the constrained response scales used in the psychological literature. The third level (k = 99) was included as a reasonable approximation to the unconstrained situation in which the judge may select any real number in making his or her judgment.
For each of the 30 conditions in the 3-way factorial design described above, 1,000 matrices were generated by independently choosing n(n -1)/2 uniformly distributed integers within the range of values dictated by k and the method for eliciting ratio judgments. The numbers were randomly placed in the cells of an n X n matrix (but excluding the diagonal entries, which were all 1 s), and 
Results
The sampling distributions of J.1 and 52 for the direct estimation and the constant sum methods of eliciting ratio judgments were examined. The mean and median of the distribution of p increased in both k and n, whereas for S2 they only increased in k. For a given k, and regardless of which method was used to elicit responses, J.1 increased, on the average, as the number of stimuli grew, whereas remained unchanged. Inspection of the variability and skewness measures showed that all 60 sampling distributions became more stable (i.e., less variable) and symmetric as the number of stimuli increased, and both effects were stronger for the direct estimation procedure. (Detailed statistics for these sampling distributions are reported in a technical report, see Budescu, Zwick, & Rapoport, 1985.) To illustrate the increasing stability of the sampling distributions as the number of stimuli increases, Figure 1 portrays 10 sampling distributions under direct estimation for k = 17 (the response scale advocated by Saaty, 1977 Saaty, , 1980 and n = 4, 6, 8, 10, and 12. The right panel of the figure displays the sampling distributions for the EM and the left panel for the GM procedure. The reduction in variability and skewness is evident in Figure 1 . Tables I and 2 present The level of agreement depends on the number of stimuli-as ~a increases, the agreement between vL and S2 declines.
The relations between the four solutions to the scaling probletn-sg, s,, Sn and s,,-were also investigated. Table 3 presents the median Pearson product moment correlations between any two solutions across the 1,000 replications for the constant sum method. All the correlations are high, indicating that the four solutions yield similar scale values in the null case as well as in the unidimensional perturbed case (Williams & Crawford, 1980 ). An examination of Table 3 reveals several systematic effects: There is a strong and consistent inverse relationship between the number of stimuli (~c) and the degree of association between the various pairs of solutions. Also, there are no systematic differences among the correlations due to the response scale (k). Because of space considerations the correlations for the direct estimation method are not presented here. However, the same systematic effects can be observed in that case as well. In fact, the correlations between the solutions are slightly higher than under the constant sum method (see Budescu et al., 1985) .
When the six correlations within a condition (row) are compared to one another, an interesting pattern emerges. In all the cases examined the lowest correlation is between the left and right eigenvectors (sl,sp) and the highest correlation is between the geometric mean solution and the geometric mean of the two-eigenvector solution (s,,s ) . Interestingly, of the four solutions, only s, and s. are invariant under transposition of the judgment matrix R.
Discussion
The present study provides a much needed service to those who employ ratio scaling procedures routinely in their work and who are often concerned with the reliability and consistency of their data. Table 3 where the right and left eigenvectors are shown to intercorrelate lower than any other pair of solutions. This finding reinforces the warning of Johnson et al. (1979) regarding the use of the right eigenvector. It is reassuring to note in the same tables that the highest correlations are typically those between the two invariant solutions. (Comrey, 1950; Sjoberg, 1963) to more complicated and sophisticated methods, such as the least squares solutions (Eckart & Young, 1936; Jensen, 1984a) , weighted least squares (Chu, Kalaba, & Spingam, 1979) , and minimum chi-square (Jensen, 1984b) . Although there is a large consensus that in most cases the solutions are very similar to each other, a heated argument has developed recently in the literature regarding the &dquo;best&dquo; solution. Vargas (1984a, 1984b) argued for the absolute superiority of mvt, and Williams and Crawford (1980) and de Jong (1984) make the case for GM. Jensen's (1984b) 
